’ PLoS @ne

OPEN 8 ACCESS Freely available online

Visual Search for Human Gaze Direction by a
Chimpanzee (Pan troglodytes)

Masaki Tomonaga*, Tomoko Imura

Primate Research Institute, Kyoto University, Inuyama, Aichi, Japan

Abstract

Background: Humans detect faces with direct gazes among those with averted gazes more efficiently than they detect
faces with averted gazes among those with direct gazes. We examined whether this “stare-in-the-crowd” effect occurs in
chimpanzees (Pan troglodytes), whose eye morphology differs from that of humans (i.e., low-contrast eyes, dark sclera).

Methodology/Principal Findings: An adult female chimpanzee was trained to search for an odd-item target (front view of a
human face) among distractors that differed from the target only with respect to the direction of the eye gaze. During visual-
search testing, she performed more efficiently when the target was a direct-gaze face than when it was an averted-gaze face.
This direct-gaze superiority was maintained when the faces were inverted and when parts of the face were scrambled.
Subsequent tests revealed that gaze perception in the chimpanzee was controlled by the contrast between iris and sclera, as
in humans, but that the chimpanzee attended only to the position of the iris in the eye, irrespective of head direction.

Conclusion/Significance: These results suggest that the chimpanzee can discriminate among human gaze directions and
are more sensitive to direct gazes. However, limitations in the perception of human gaze by the chimpanzee are suggested
by her inability to completely transfer her performance to faces showing a three-quarter view.
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Introduction

Gaze perception is one of the most critical social-cognitive
abilities possessed by primates, including humans. In humans,
mutual gaze or eye contact plays a critical role in regulating social
interactions by providing information and expressing intimacy (for
a review, see [1]). Like humans, great apes such as gorillas (Gorilla
spp.), orangutans (Pongo spp.), bonobos (Pan paniscus), and
chimpanzees (Pan troglodytes) frequently exhibit social staring
behavior, defined as prolonged gazing by one individual at
another when both are in close proximity to each other, in various
social contexts [2,3,4,5]. Furthermore, studies of mother-infant
pairs of chimpanzees have found that the frequency of mutual
gaze increased when the infant reached about 2 months of age [6].
In contrast, many species of simian primates exhibit “gaze
aversion” because mutual gaze or eye contact frequently triggers
antagonistic interactions between those involved in the gazing
behaviors [7,8,9,10]. Although the sensitivity of apes and monkeys
to direct gaze varies, these findings demonstrate that nonhuman
primates can and do discriminate gaze direction. However, the
cues used by these species for making judgments about being
watched by others remain unclear. One reason for this lingering
ambiguity is the difficulty experienced by observers in precisely
identifying the target of these animals’ gazes in the context of
natural or semi-natural habitats (e.g., [11]).
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Few empirical studies of gaze perception in nonhuman primates
have been conducted in the laboratory, even though many
researchers recognize the importance of gaze perception in
relation to social cognition and the theory of mind [12].
Chimpanzees can follow the direction of human and conspecifics’
gazes and use these gaze cues for object discrimination based on
cues provided by either the eyes alone or the eyes in combination
with the head orientation [11,13,14,15,16,17,18,19,20]. In
addition, infant chimpanzees look at human faces with direct
gazes for a longer period of time than they look at those with
averted gazes when they reach the age at which they exhibit
mutual gaze with their mothers [21]. A gibbon (Hylobates agilis)
infant has also been reported to exhibit a direct-gaze preference in
response to schematic faces used as stimuli [22]. Similar studies of
macaques and other simian primates have also been performed.
Rhesus macaques (Macaca mulatta) can discriminate among the
gaze directions of human faces [23,24,25]. Like great apes, various
species of monkeys also follow the directions of others’ gazes and
use these cues for object discrimination [14,26,27,28]. In response
to facial stimuli, macaques scan eye regions more frequently than
they scan other regions [29,30,31]. However, their sensitivity to
direct gaze and the effects of gaze direction on their visual
behavior are rather inconsistent, although most studies agree that
macaques can discriminate among the directions of the gazes of
others. One study reported that infant macaques looked /ess at the
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direct-gaze faces of monkeys than at their averted-gaze faces,
showing clear evidence of gaze aversion [9], whereas another
study reported the opposite results using a human face [31].
Furthermore, both humans and rhesus macaques attended to eye
regions of conspecific faces but not to the eye regions of faces of
other species [32]. More recently, eye-tracking studies have found
that chimpanzees also attended to eye regions, as do humans, but
that their degree of fixation on the eyes was less than that exhibited
by humans [33,34].

Since the 1960s, many studies have examined how humans
distinguish between direct and averted gazes [35,36,37]. Humans
can distinguish an averted gaze when it is at least 1.4° from a
direct gaze [36]. Furthermore, humans are more sensitive to a
direct gaze than to an averted gaze [38,39]. During a visual-search
task, human observers detected the direct-gaze target among
averted-gaze distractors more quickly than they detected the
averted-gaze target among direct-gaze distractors. Such search
asymmetry [40] with respect to gaze direction is known as the
“stare-in-the-crowd” effect. This effect may be closely related to
the direct-gaze preference in apes [21,22] because the direct gaze
captures the observer’s attention in both phenomena [cf. 41].

It 1s well known that the morphology of the eyes of chimpanzees
(and of other nonhuman primates) is quite different from that of
humans [42]. This fact raises questions about what cues
chimpanzees actually use during gaze discrimination. The color
of the exposed area of sclera in the chimpanzee is much darker
than that in humans. Humans have a dark iris and white sclera,
but the sclera is darker than the iris in most chimpanzees. Such
low-contrast eyes may not be suitable for the medium of visual
communication frequently observed in humans, which is also
consistent with the results of observational studies indicating that
the great apes exhibited staring behavior when the distance
separating two individuals was minimal, about 30 cm [3,3].
Previous studies have reported that nonhuman primates can
discriminate gaze directions in laboratory experimental contexts,
but most of these studies have used human faces or schematic faces
with high-contrast eyes [23,24,25,31]. Thus, it is plausible that the
primate subjects in these studies used cues different from those
used in the context of their everyday lives, even though high-
contrast eyes are actually processed in the same areas of their brain
(i.e., the superior temporal sulcus and lateral intraparietal area), as
is the case in humans [23,24,25,43].

In the present study, we trained one adult chimpanzee to
perform a visual-search task involving human gaze direction. This
study was designed to meet two goals. The first goal was to
establish whether the chimpanzee exhibited the stare-in-the-crowd
effect; that is, whether she would demonstrate more efficient
search for direct-gaze than for averted-gaze human faces, which
are not conspecific but have high-contrast eyes. The chimpanzee
participating in the present study had been raised by human
caregivers from infancy but spent most of her time with other
chimpanzees as well as with human experimenters and caretakers.
During her extensive time with humans, this chimpanzee might
have learned to discriminate among human eye gazes and their
meanings. We thus hypothesized that the chimpanzee would
exhibit an efficient search for a human direct-gaze face, but would
also differ substantially from humans with respect to gaze
processing. This was examined in Experiment 1.

Our second aim was to identify those characteristics of human
eyes that were critical to the chimpanzee’s ability to discriminate
among gazes. This was examined in Experiments 2—4. It is clear
that the position of the dark iris in the eye region serves as the
discriminative cue for humans with respect to the gaze of
conspecifics. Interestingly, in addition to contrast per se, contrast
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polarity (i.e., whether the iris or sclera is darker) is also crucial in
judgments about the gaze direction of humans by humans [44].
Furthermore, when the brightness of the left and right sides of the
sclera of a direct-gaze eye differ, the perceived gaze direction shifts
to the darker side of the sclera, which is referred to as the
“bloodshot” illusion [45]. If the chimpanzee identified the gaze
direction on the basis of the high contrast of human eyes, as do
humans, the same effect would be observed in the chimpanzee.
This hypothesis was examined in Experiment 2.

We used front-view faces in the first visual search experiment.
Direct gaze can be unambiguously defined for these stimuli
because the iris is located at the center of the eye. However, when
the head is rotated, the direct gaze should be calculated on the
basis of the relationship between the position of the iris and the
degree of head rotation [25]. For example, if we see the eye region
of the direct-gaze three-quarter-view face separated from the facial
context, we will judge that these eyes did not make eye contact
with us. The so-called “Wollaston illusion” represents one of the
best examples of the impact of the relationship between eye
regions and face contours on the discrimination of gaze direction
[46,47]. Wollaston [47] found that a change in the orientation of
the face (i.e., mirror reversal) resulted in a shift in the perceived
gaze direction even though the eyes themselves remained
unchanged. If the chimpanzee discriminated between the gaze
directed at her (the directed-to gaze) and the gaze directed away
from her, she would be demonstrating an ability to distinguish the
direction of a gaze even when the stimulus head was rotated.
However, if the chimpanzee simply attended to the eye region
alone, her ability to discriminate would deteriorate when the faces
were shifted from the direct frontal view. This was examined in
Experiment 3 by manipulating the relationship between eye
regions and face contours.

Methods

Chimpanzee Participant

Chloe, an adult female chimpanzee who was 20 years of age
when the experiments began, participated in the experiments.
Chloe was born in a zoo and raised by human caregivers. She was
moved to the Primate Research Institute, Kyoto University
(KUPRI), Japan, when she was 4 years of age. She has engaged
in various types of computer-controlled perceptual-cognitive tasks,
including visual-search tasks [48,49,50,51]. She has also engaged
in face recognition tasks using a matching paradigm [52] as well as
in visual-search tasks involving the orientation of faces [53]. Before
this study, she participated in an orienting task using human gazes
as cues [54]. Chloe lives in a social group of 14 individuals in an
environmentally enriched outdoor compound (770 m2) connected
to the experimental room by a tunnel [55]. She was not deprived
of food or water during the study, and no invasive treatments or
special restraints were used in the present study. The care and use
of the chimpanzee adhered to the 2002 version of the Guide for
the Care and Use of Laboratory Primates by the KUPRI, which is
compatible with the guidelines issued by the National Institutes of
Health in the United States of America. The research design was
approved by the Animal Welfare and Animal Care Committee of
the KUPRI and the Animal Research Committee of Kyoto
University. All procedures adhered to the Japanese “Act on
Welfare and Management of Animals.”

Apparatus

Experimental sessions were conducted inside an experimental
booth designed for chimpanzees (1.8x2.15x1.75 m). A 21-inch
color CRT monitor (NEC PC-KH2021) with a capacitive

February 2010 | Volume 5 | Issue 2 | 9131



touchscreen device (Microtouch SM-T2) was installed 15 cm from
the floor on one side of the booth. Touching the monitor surface
with a finger was defined as a response. The screen was protected
from deterioration by a transparent Plexiglas panel fitted with an
armhole (10x47 cm) that allowed hand contact with the CRT.
The resolution of the monitor was 640 x400 pixels. One hundred
pixels corresponded to 55 mm. Chloe sat approximately 40 cm
from the monitor surface; thus, 100 pixels corresponded to 8°
visual angle, and 1° corresponded to approximately 7 mm (13
pixels). A food tray was installed below the CRT monitor. A
universal feeder (Biomedica BUF-310) delivered pieces of food
(apples or raisins) to this tray. All equipment was connected to a
personal computer (NECG PC-9821 Xn) that controlled the
stimulus display, detected touches to the CRT, delivered rewards,
and collected data.

Experiment 1: Testing the “Stare-in-the-Crowd" Effect in
the Chimpanzee Using the Visual-Search Task

Stimuli. Gray-scale photographs of the front-view faces of 18
Asian women were prepared (Fig. 1). Chloe was unfamiliar with
all individuals depicted in the photographs, which were retouched
with Paintshop Pro® 3.0 and Photoshop® CS2 to 130x160 and
95 %117 pixels in size and trimmed into elliptical shapes. Larger
stimuli were used in pretraining under each condition, and
smaller stimuli were used in the visual-search testing because the
size of the monitor did not allow us to use the larger stimuli in the
visual-search setting. The diameter of the iris was approximately
nine pixels in the larger stimuli and seven pixels in the smaller
stimuli, and the distance between the left and right irises was 40
pixels in the larger and 30 pixels in the smaller stimuli. Using
direct-gaze stimuli as the baseline images, we prepared averted-
gaze faces by shifting the iris to the right. This shifted distance
was six pixels in the larger and four pixels in the smaller stimuli.
These stimuli were presented on a black or gray background
(Fig. 1). Note that all the individuals appearing in the
photographs presented in this article provided written informed
consent for their publication.

We also prepared three types of faces by manipulating facial
configurations. The first configuration involved an upright face,
and the second involved an inverted face. The third configuration
involved a scrambled face, in which the eyebrows, nose, and
mouth of an upright face were randomly rearranged, while the eye
positions remained intact (Fig. 2). Six conditions were prepared
according to whether the direct or averted gaze served as the
target and on the basis of the type of face presented.

(A) Oddity task

(B) Visual search task

Visual Search for Gaze

Pretraining. Prior to testing with the visual-search task,
Chloe participated in a 3-item oddity discrimination task as
pretraining under each condition (Fig. 1A). In this pretraining, a
single face was randomly selected from the 18 faces. Each trial
typically began with the presentation of a 0.5-s beep sound and a
blue circle (40 pixels in diameter) at the bottom center of the CRT
display as a start key. When the chimpanzee touched this circle,
three photographs (130x160 pixels in size) were presented
horizontally. The distance between the photographs was 200
pixels from center to center. One stimulus (target) differed from
the other two stimuli (distractors) in terms of the direction of the
gaze depicted. If the chimpanzee touched the target, all stimuli
disappeared, a 1-s chime was presented, and a food reward was
delivered. If the chimpanzee touched a distractor, all stimuli
disappeared, a 0.5-s buzzer was sounded, and the same trial was
presented again until the correct choice was provided (correction
trials). The intertrial interval was 3 s. Each session consisted of 144
trials, with the target position randomly distributed among them.

When accuracy did not improve during the course of training, we

mtroduced two types of stimulus-fading training: an “iris position-
shift training” for the direct-gaze target trials and an “iris brightness-
fading training” for the averted-gaze target trials. The intact target
was initially paired with a face without irises (i.e., the iris area was
the same color as the sclera) in both types of training. When the rate
of correct responses exceeded 80%, the iris was gradually shifted
from the rightmost position to the normal averted-gaze position
under the iris position-shift condition, and the darkness of the iris
gradually faded into the normal direct-gaze brightness level under
the iris brightness-fading condition. The pretraining session
continued until the rate of correct responses exceeded 80% for
two consecutive sessions under the normal condition.
After Chloe’s performance reached the
criterion level, she engaged in two series of tests measuring her
ability to transfer gaze discrimination to stimuli that differed from
those used in the pretraining. Each transfer test consisted of four
216-trial sessions in which pretraining stimuli appeared in 144
trials (baseline trials) and new stimuli appeared in 72 trials (test
trials). Six new stimuli were randomly selected from the stimulus
pool. Each test stimulus appeared 12 times in each test session.
The responses in each test session (the first and second series) of
each trial were differentially reinforced. After the first four test
sessions, Chloe was trained in gaze discrimination using the new
stimuli (144-150 trials per session) until her rate of correct
responses exceeded 80%; this was followed by the second test
series, iIn which six other new stimuli were presented. The second
test also consisted of four sessions.

Transfer tests.

Figure 1. Schematic examples of the stimulus display. (A) oddity discrimination for Experiment 1 (preliminary training and transfer tests) and

Experiments 2-5, and (B) visual search task for Experiment 1.
doi:10.1371/journal.pone.0009131.g001
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Figure 2. Mean response times in correct trials for each condition as a function of the number of stimulus items in the visual-search
testing in Experiment 1. Error bars indicate standard errors of means across sessions. *p<<0.05; **p<<0.01. Chloe showed faster response times
when the direct-gaze face than when the averted-gaze face was the target irrespective of the facial configurations.

doi:10.1371/journal.pone.0009131.g002

We then selected the four stimuli associated with Chloe’s best

performances for use in the visual-search testing. Using the
smaller-sized stimulus sets (95x117 pixels), we conducted 3-item
oddity training. Chloe participated in three to six sessions of this
training until her rate of correct responses exceeded 80% for three
consecutive sessions under each condition.
After the completion of the three-item
oddity training using the smaller-sized stimuli, Chloe immediately
began the visual-search testing. Fach trial began with the
presentation of the start key (blue circle, 40 pixels in diameter)
at the bottom center of the CRT screen and an accompanying 0.5-
s beep sound. When she responded to the start key, it disappeared,
and the search display appeared on the screen. The search display
consisted of a 4x2 predefined stimulus presentation area
containing one target stimulus and several uniform distractors
that differed from the target in gaze direction (95x117 pixels in
size; Fig. 1B). The number of search items varied among three,
five, and eight, and the configuration of the search display
changed randomly from trial to trial. The target position was
counterbalanced. The chimpanzee’s task was to detect the target
and touch it on the screen. Feedback accompanying the responses
matched that used in the pretraining. When Chloe responded
incorrectly (i.e., touched one of the distractors), the same search
display reappeared. If she made a second error, only the target
stimulus appeared on the screen during a second correction trial.
This correction procedure was introduced to prevent Chloe from
stopping her participation when the rate of non-reinforced trials
was too high [48,53].

Visual-search test.
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Experimental design. The testing conditions proceeded in
the order described in Table 1. No visual-search testing was
conducted under the first condition (upright D/A = direct-gaze
target/averted-gaze distractor with upright face), which was
regarded as preliminary training. Upright D/A and A/D
conditions were tested twice to verify the effects of prolonged
training, but transfer tests were not conducted in the second cycle.
Chloe participated in nine to 12 sessions under each condition,
and data obtained in the last six sessions were used for analyses.
Using SPSS 14.0], analyses of variances (ANOVAs) were
conducted on the error score and response-time data under each
condition using sessions as repeated measures.

Experiment 2: Effects of Brightness Contrast on Gaze

Perception

Experiments 2-5 used three-item oddity tasks instead of visual-
search tasks. In these experiments, we examined the generaliza-
tion or transfer of the discrimination performance to the sets of
new stimuli instead of investigating visual-search asymmetries.
Thus, we focused primarily on accuracy data in Experiments 2
and 3.

We used a new stimulus set in Experiment 2 (Fig. 3). One of the
18 stimuli used in Experiment 1 was selected and manipulated to
produce the following six types of stimuli. (1) Positive face with positive
eyes: Both the eyes and the other regions were of normal contrast
polarity. The grayscale value of the iris was set to 0 (minimum
value, darkest) and that of the sclera to was set to 255 (maximum
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Table 1. Summary of the results of Experiment 1.

Small-size
Pretraining Transfer tests (% Correct) training Visual search

Criterional Sessions® First Test Second Test

% Response # of % # of % Response
Condition”  # of Sessions Correct Time (s) Baseline Test Baseline Test sessions Correct sessions Correct® Time (s)®
Up-D/A (pre) 182 (position [10))  89.9 0.873 92.7 500 875 757 — 2 e 2 = =
Up-A/D(1) 38 (dark [33]) 84.4 1.206 86.8 4.3 784 642 3 87.5 9 84.7 1.736
Inv-A/D 13 87.2 1.166 79.9 75.7 85.4 830 3 89.6 9 82.1 1.584
Scr-D/A 36 (position [25]) 86.1 1.273 89.9 75.0 81.1 719 5 83.2 9 85.4 1.525
Up-D/A(1) 4 92.7 0.974 93.1 81.3 91.0 816 4 87.2 9 92.2 1.515
Scr-A/D 26 (dark [18]) 86.1 1313 78.8 47.3 93.1 703 4 86.1 12 86.5 1.680
Up-A/D(2) 2 96.2 0956 - R e 6 80.2 9 96.0 1.546
Inv-D/A 14 (position [11]) 94.4 1.178 96.2 413 90.8 792 3 914 12 95.7 1.445
Up-D/A(2) 2 95.5 0 = = = == 6 92.8 12 94.4 1.432

1) Up: upright face, Inv: inverted face, Scr: scrambled face, D: direct gaze, A: averted gaze. The letter before the slash designates the target and the letter after the slash
designates the distractor.

2) Special fading training sessions were included in the number of sessions.

3) Type of fading training: position, shift in the iris position; dark, iris darkness fading. The numbers in the brackets show the number of fading sessions.

4) Data from the last two sessions for each condition.

5) Not conducted.

6) Data from the last six sessions.

doi:10.1371/journal.pone.0009131.t001

value, brightest). Both direct- and averted-gaze faces were the sclera in both eyes of the direct-gaze face was darkened to a
prepared and used for baseline trials. (2) Bloodshot 1: The direct- grayscale value of 138 in the averted-gaze face because previous
gaze face was identical to that of Stimulus (1), but the right part of literature on humans as subjects showed that perceived gaze
100 - _
Target/Distractor
80 - [ Direct/Averted
= mm Averted/Direct
th 60
8 T .................................... - p<.05
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2 chance
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Figure 3. Mean accuracy in each of the baseline and test conditions in Experiment 2. Examples of the stimuli are shown below the graph.
Pos: positive polarity, Neg: negative polarity. Broken lines: 5% significance levels of binomial tests for each test condition. Chloe exhibited the so-
called “bloodshot illusion.” Furthermore, her behavior was controlled by the contrast polarity.

doi:10.1371/journal.pone.0009131.g003
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direction shifted to the side in which the sclera was darkened [45].
(3) Bloodshot 2: The right part of the sclera of both eyes was
darkened to a greater extent than in stimulus (2), to a grayscale
value of 102. (4) Negative face with negative eyes: The contrast polarity
of both the eyes and the other regions was reversed. (5) Negative face
with positive eyes: The contrast polarity of the eyes remained normal,
but that of the other regions was reversed. (6) Positive face with
negatve eyes: The contrast polarity of the eyes was reversed, but that
of the other regions was normal. These manipulations were
implemented using Paintshop Pro® 3.0 and Photoshop® CS 2.
The size of these stimuli was 130x160 pixels.

Test sessions of Experiment 2 were inserted between the
conditions of Experiment 1. Chloe participated in two series of test
sessions in Experiment 2. The first series, conducted immediately
after the first upright D/A condition of Experiment 1, involved two
test sessions in which the direct-gaze face was the target. The second
series consisted of two test sessions in which the averted-gaze target
appeared immediately after the second upright A/D condition of
Experiment 1. The sequence of events in each trial was identical to
that in the pretraining oddity task of Experiment 1. Each session
consisted of 72 baseline trials in which a positive face with positive
eyes appeared and 60 test trials in which the other five types of
stimuli appeared equally often. Correct positions were counterbal-
anced. If the chimpanzee made an error, only the positive face with
positive eyes appeared as a target in the next correction trial,
irrespective of whether it was a baseline or test trial. In total, Chloe
participated in 144 baseline trials and 24 trials for each type of test
stimulus under both the direct-gaze and averted-gaze conditions.

Visual Search for Gaze

Binomial tests were used to determine the statistical significance
of differences between the actual accuracy rates for each type of
test and those expected on the basis of chance (i.e., 33.3%).

Experiment 3A: Tests on the Transfer to New Front-View
and Three-Quarter-View Faces

Three-quarter-view faces of 10 new women were prepared for
Experiments 3A-D. Three new front-view faces were also
prepared. These photographs were the same size as those used
in Experiment 2. These newly introduced stimuli were manipu-
lated according to the purpose of each test series (Fig. 4-6).

Chloe was shifted to Experiment 3 immediately following the
last condition of Experiment 1 (the second test of upright D/A).
The direct gaze was always the target, and Chloe participated in
four successive test series. Each session consisted of 108-144
trials, depending on the type of test. The number of sessions for
each test series also varied between one and 11. We used the
same three-item oddity task and procedure as used in Experiment
2. Baseline and test trials were presented alternately. Baseline
stimuli were the same as those used in Experiment 2. If the
participant made an error, only the target appeared in the
subsequent correction trials.

In Experiment 3A, Chloe participated in the transfer tests using
novel front-view and three-quarter-view faces. In this test, she was
tested for the transfer of discrimination ability to the three new
front-view faces and the 10 new three-quarter-view faces (Fig. 4).
Chloe engaged in a total of 11 sessions, with 603 baseline trials, 36
test trials with front-view faces (12 trials for each stimulus), and 270

XX
T
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5 60
@)
T 40}
(0]
[&]
o)
n_ 20 B
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Front Face
Target
Distractor

k>

chance
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¥%-View Face

Figure 4. Mean accuracy in transfer tests using novel front-view and three-quarter-view faces in Experiment 3A. Examples of the stimuli
are shown below the graph. Error bars indicate the standard errors of means across test stimuli. **p<<0.01. The chimpanzee showed significant transfer of
eye-gaze discrimination from front-view to three-quarter-view faces, but the accuracy was significantly lower than that for the new front-view faces.

doi:10.1371/journal.pone.0009131.9g004
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test trials with three-quarter-view faces (12-36 trials for each
stimulus). Two-tailed #tests were used to determine the statistical
significance of differences between the actual accuracy rates for
new faces and those expected on the basis of chance as well as the
statistical significance of differences between the accuracy of
responses for front- and three-quarter-view faces.

Experiment 3B: Tests for the Transfer from Eye Direction
to Head Orientation

In this experiment, Chloe participated in four types of test trials
using three sets of faces to test the transfer of gaze discrimination
defined by eyes to that defined by head orientation (Fig. 5). (1) HD
+ ED/HA + EA (head direct + eyes direct/head averted + eyes
averted): The target was the front-view face with direct gaze, and
the distractors were the three-quarter-view faces with averted gaze.
(2) HA + ED/HD + EA (head averted + eyes direct/head direct +
eyes averted): The target was the three-quarter-view face with
direct eye gaze, and the distractors were the front-view faces with
direct eye gaze. (3) HD/HA with mask: The eye regions of stimuli
used in (1) were masked with a black rectangle. (4) HA/HD with
mask: The eye regions of s used in (2) were masked with a black
rectangle. These two conditions were the control conditions for (1)
and (2) to test the role of eye regions. These four types of test
stimuli appeared equally often but randomly within a session.
Chloe engaged in 216 baseline trials and 36 trials under each test
condition during the four test sessions. Unlike Experiment 3A,
Experiment 3B used the face of only a single individual. Thus, the
results of the test trials were analyzed using binomial tests.

Experiment 3C: Is an Iris Centered in the Sclera a Critical
Cue for Gaze Discrimination in the Chimpanzee

We prepared new three-quarter-view faces based on photo-
graphs of the three people used in Experiments 3A and B. In

Visual Search for Gaze

addition to direct- and averted-gaze three-quarter-view faces, we
prepared a third type of face in which each iris was located at the
center of the eye (Fig. 6). We combined these three types of stimuli
to produce two test conditions: uis center/ averted gaze and iris center/
direct gaze. Under both conditions, the target was the face with the
iris in the center of the sclera. The procedure was identical to that
used in Experiment 3A. Chloe received two 144-trial sessions in
which the 72 baseline (target was the direct-gaze front-view face)
and 72 test trials appeared in random order. If Chloe had
evaluated the direct gaze on the basis of the position of the iris
alone rather than on the basis of the relationship between the
position of the iris and the orientation of the head, she would have
chosen the three-quarter-view face with the iris at the center of the
eye. The rates of correct responses under each condition (each
contained three faces) were compared with those that would be
obtained on the basis of chance using two-tailed #tests.

Results

Experiment 1

Training and transfer tests. Eighteen sessions, including 10
special fading training sessions, were required to reach the
criterion for the first pair (upright D/A) presented as
preliminary training (Table 1). Overall, the number of sessions
required for pretraining seemed to decrease across conditions
during the course of the experiment, but this trend was not
statistically  significant (Spearman’s test, r,=—0.60, N=09,
»=0.086). Not surprisingly, Chloe needed more sessions when
the target-distractor mapping was reversed across conditions (28.5
sessions on average) than when the mapping was maintained (5.3
sessions on average). The mean percentage correct in the last two
sessions averaged across conditions was 90.3% (standard error
[SE] =1.4) and the mean response time was 1.09 s (SE=0.054).
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Figure 5. Mean accuracy in tests for the transfer to head orientation in Experiment 3B. Examples of the stimuli are shown below the
graph. HD, head direct; HA, head averted; ED, eyes direct; EA, eyes averted; broken lines, 5% significance levels of binomial tests for each test
condition. Chloe showed significantly above-chance performance for head-orientation discrimination, but showed chance-level performance when

the eye regions were masked.
doi:10.1371/journal.pone.0009131.g005
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Figure 6. Mean accuracy for each condition in Experiment 3C. Examples of the stimuli are shown below the graph. The target stimuli
contained eyes with the iris located at the center. White bar indicates the results for baseline trials, and black bars show those for test trials. Error bars
indicate the standard errors of means across test stimuli. ¥p<<0.05. The chimpanzee significantly chose the face with iris at the center of eye region

more than the other types of faces irrespective of “eye contact”.
doi:10.1371/journal.pone.0009131.g006

During the first transfer test series, Chloe was able to achieve a
58.8% correct response rate (SE=6.2) in the test trials and a 75.1%
correct response rate (SE£=2.4) in the second test series (Table 1).
Her accuracy in the test trials of both series was significantly better
than would be expected on the basis of chance (ie., 33.3%; first
series: 6)=3.82, p=0.004; second series: {6)=16.37, p<<0.001,
two-tailed). Furthermore, her accuracy in the second series was
significantly higher than that in the first series (two-tailed paired #
test, #6)=2.87, p=10.014), but her performance did not improve or
deteriorate across conditions in the first (= —0.13, N=7, p=0.788)
or second (r,=0.14, N=7, p=0.760) series.

Visual-search testing. Chloe participated in nine visual-
search testing sessions under five of the eight conditions, and 12
sessions under the remaining conditions (Table 1). These
differences were due to the instability in the accuracy rates
and response times during the earlier phase of testing under
each condition. Table 2 shows the mean percentages of errors
under each condition during the data-collection sessions.
Overall, Chloe performed better when the target exhibited
direct than averted gaze. These error data were analyzed
separately for facial configurations using two-way ANOVAs (2
targets X3 stimuli). In the first set of upright faces, the main
effects of target, F{1, 10)=30.00, p<<0.001, 112 =0.750, and
number of stimuli, M2, 20)=12.62, p<<0.001, n®=0.558, were
both significant. The two-way interaction was not significant,
F2, 20)=0.79, p=0.468, n*=0.073. In the second set of
upright faces, the main effect of target was not significant, H1,
10)=1.53, p=0.245, #°=0.133, but effect of number was
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significant, F2, 20)=3.88, p=0.038, #=0.280. The two-way
interaction was not significant, F2, 20)=0.48, p=0.626,
7°=0.046. When the faces were presented with an inverted
orientation, the main effects of target, M1, 10)=24.65,
$»=0.001, y?=0.711, and number, K2, 20)=4.83, p=0.019,
r]2 =0.326, were significant, but the interaction was not
significant, F2, 20)=1.03, p=0.377, 7*=0.093. For the
scrambled faces, the main effect of number was significant,
H2, 20)=31.38, p<<0.001, 7°=0.758, but the effect of target,
K1, 10)=0.24, p=0.633, 17220.024, and the interaction, F2,
20)=0.59, p=10.563, 7]2 =0.056, were not significant.

Figure 2 shows the mean response times under each condition
as a function of the number of stimuli. Chloe responded faster to
the direct-gaze than to the averted-gaze target, irrespective of
facial configuration. The response-time data for facial configura-
tion were also analyzed separately using a two-way ANOVA (2
targets X3 stimuli). The main effects of target 1, 10)=7.15,
p=0.023, 7?=0.417, and number of stimuli, 12, 20)=274.75,
$<0.001, n*=0.964, were significant for the first set of upright
faces. The two-way interaction was also significant, K2, 20) = 3.44,
$=0.052, n” =0.256. Further tests of the simple main effects [56]
revealed that the effect of the target was significant when five, /1,
10)=9.62, p=0.011, #°=0.490, and eight, K1, 10)=6.36,
»=0.030, 112 =0.389, stimuli were used. The main effects of
target, {1, 10)=7.75, p=0.019, 11220.437, and number, H2,
20)=267.22, p<<0.001, 7> =0.964, were significant for the second
set of upright faces. The two-way interaction was also significant,
F2, 20)=3.92, p=0.037, 1 =0.282. The effect of the target was
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Table 2. Mean percentages of errors for each condition during the visual search testing in Experiment1.

Direct/Averted

Averted/Direct

Number of Stimuli

Condition 3 5 8 3 5 8

Up(1) 3.6 (0.5) 6.8 (2.0 13.0 (2.8) 83 (3.1) 135 (2.2) 24.0 (2.8)
Up(2) 1.6 (0.7) 73 (2.8) 7.8 (1.9 21 (0.7) 4.7 (1.8) 5.2 (1.7)
Inv 2.1 (0.7) 4.7 (1.8) 6.3 (2.6) 141 (1.8) 16.1 (3.2) 234 (4.3)
Scr 4.7 (1.8) 135 (2.2) 224 (3.2 9.4 (2.0 125 (4.0) 219 (3.1)

Numbers in parentheses show the standard errors of mean.
doi:10.1371/journal.pone.0009131.t002

significant when five, K1, 10)=12.91, p=0.005, #°=0.563, and
eight, 1, 10)=4.79, p=0.053, #° = 0.323, stimuli were used.

When the faces were presented with an inverted orientation, the
main effects of target, /{1, 10)=10.78, p=0.008, #°=0.518, and
number, F2, 20)=173.66, »<<0.001, 11220.946, as well as the
interaction effect, K2, 20)=4.62, p=0.022, 112 =0.316, were
significant. Post-hoc tests of simple main effects showed that the
effect of target was significant when eight stimuli were presented,
1, 10)=10.45, p=0.009, #°=0.511. The main effects of target,
R1,10)=7.57, p=0.020, 5*=0.431, and number, K2,
20)=120.56, $<0.001, 5*=0.923, were significant, but the
Interaction was not, F2, 20)=0.15, p=0.861, 112 =0.015, for the
scrambled faces.

Chloe was presented with successive stimulus conditions in a
blocked-sessions manner. Thus, we cannot exclude the possibility
that learning or training effects might have biased the results. To
examine the training effect, we presented the upright-face
conditions twice. Chloe maintained her efficient search for direct
gaze during the second test series with upright faces (Fig. 2). We
combined the first and second tests with the upright faces and
conducted a 3-way ANOVA (2 repetitions X3 targets X3 stimuli)
for the response-time data. The main effects for the number of
stimuli, A2, 40)=539.04, p<<0.001, n*=0.964, the target, M1,
20)=13.30, p=10.002, #°=0.399, and the interaction between the
target and the number of stimuli, F2, 40)=6.81, p=0.003,
1#? =0.254, were significant. Response times during the second test
series were significantly faster than those during the first test series,
K1, 20)=8.45, p=0.009, #*=0.297, and the interaction between
number of stimuli and repetition was also significant, K2,
40Y=4.01, p=0.026, #*=0.167. However, the interaction be-
tween repetition and target, /{1, 20)=1.25, p=0.276, 172 =0.059,
and the 3-way interaction, H2, 40)=0.48, p=0.620, 11220.024,
were not significant. Thus, prolonged training did not seriously
affect the results.

Experiment 2

Chloe achieved a 95.1% correct response rate for the direct-
gaze baseline and a 97.9% correct response rate for the averted-
gaze baseline trials during the test sessions of Experiment 2 (Fig. 3).
Under the bloodshot conditions, she performed significantly better
than would be expected on the basis of chance under three of the
four test conditions (58.3%-66.7% correct responses, ps<<0.03,
binomial tests). She performed better when the target exhibited a
direct gaze than when it exhibited an averted gaze, especially
during the averted-gaze trials under the second bloodshot
condition (45.8%). This might be attributable to the manipulation
of the averted- but not of the direct-gaze target. On average,
58.3% of Chloe’s responses were correct under the four bloodshot
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conditions, {3)=15.55, p=0.012. These results may imply that the
so-called bloodshot illusion is also found in the chimpanzee. When
the contrast polarity was fully reversed (negative face with negative
eyes) and when only the polarity of the eye region was reversed
(positive face with negative eyes), the rate of accurate responses
decreased to the level of chance (24.0% on average, #3)=1.41,
p=0.255), and Chloe’s accuracy deteriorated to significantly
below the level of chance on one of the four test series (the direct-
gaze target with the positive face and negative eyes, 4.2% correct,
$<<0.001, binomial test). However, when the contrast polarity of
the eye region remained intact (negative face and positive eyes),
her performance was significantly better than would be expected
on the basis of chance, 72.9% on average.

Experiment 3A

Chloe demonstrated significantly greater accuracy than would
be expected on the basis of chance in response to the three new
front-view faces, £2)=19.0, p=0.003 (Fig. 4). Her performance in
the test trials, in which the 10 three-quarter-view faces were
presented, was also better than chance, £9)=3.40, p=0.008, but
was worse than that in the front-view test trials, #11)=3.24,
»=0.008.

Experiment 3B

The test examining Chloe’s ability to transfer what she had
learned to stimuli using head orientation showed that she was able
to transfer eye-gaze discrimination for the front-view faces to head-
direction discrimination (Fig. 5). In contrast, when the eye region
was masked, her performance dropped to the level of chance,
suggesting the strong role of the eyes in gaze discrimination; that
1s, facial contours were not sufficient for judging the direction of
the other’s gaze. However, familiar stimuli (front-view faces) were
paired with unfamiliar stimuli (three-quarter-view faces) in the
unmasked test series. In this experimental context, the participant
primarily selected the familiar target (under the HD + ED/HA +
EA condition) or avoided the familiar distractor (under the HA +
ED/HD + EA condition). Thus, these results may be interpreted
in terms of Chloe’s history of participation in experiments rather
than in terms of the transfer of gaze discrimination from eyes to
head.

Experiment 3C

Under both test conditions (irzs center/averted gaze and iris center/
direct gaze), Chloe chose the face with the iris at the center of the
sclera more frequently than she chose the direct or averted gaze
(iris center/averted gaze: #2)=15.00, p=0.038; iris center/direct
gaze: ((2)=4.27, p=0.051; Fig. 6).
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Discussion

Stare-in-the-Crowd Effect

In this study, we investigated how an adult chimpanzee, Chloe,
perceived human gaze direction under visual-search and oddity-
discrimination conditions. In Experiment 1, we examined the stare-
in-the-crowd effect; that 13, we explored whether Chloe would
exhibit a more efficient search for a direct than for an averted gaze.
Chloe was able to discriminate between the directions of human
gazes in the oddity tasks, and the discrimination was successtully
transferred to untrained stimuli. These results suggest that she did
not use stimulus-specific features for gaze discrimination. More
importantly, she exhibited faster response times when the target was
a direct-gaze than when it was an averted-gaze face, and this effect
was not explained by the specific order of training tests used in this
experiment. T'wo additional observations should be noted. First, we
generally observed an efficient search for direct-gaze faces,
irrespective of facial configuration. These results are consistent with
those reported by von Grimnau and Anston [39], who originally
found the stare-in-the-crowd effect among humans, using eye
regions alone as stimuli, as well as in a gibbon infant [22], who
looked longer at direct gazes than at averted gazes in upright,
inverted, and scrambled faces. Our results also imply that face
processing and gaze perception are relatively independent in the
chimpanzee.

Second, the chimpanzee demonstrated a more efficient search
pattern for the direct-gaze than for the averted-gaze faces, and her
response times increased linearly as a function of the number of
stimuli. In the visual-search experiments using much simpler stimuli,
such as line orientations or line intersections, targets containing these
visual “features” were more quickly detected than were targets
without the features but with the distractor. Under the former
condition, response times were very fast and did not increase,
irrespective of the number of stimuli (parallel search, or “pop out”).
Under the latter condition, however, response times increased
linearly as a function of the number of stimuli (serial search) [40,50].
These phenomena are frequently referred to in terms of search
asymmetry. The present results, showing search asymmetry but not
parallel versus serial search, are not consistent with those of search
asymmetry experiments using simpler stimuli [40,50], but are
consistent with those of previous experiments on visual searches of
gazes [38,39], which have shown search asymmetry for gaze but not
parallel search for direct gaze. It is noteworthy that efficient but not
parallel searches have generally been reported in search experiments
with humans and chimpanzees using faces as stimuli [53,57,58].
Our results suggest that the direct gaze did not “pop out” from
among averted gazes for the chimpanzee as it did for humans, even
though the processing of direct gazes may be more efficient than
that of averted gazes in the chimpanzee.

What Cues Did the Chimpanzee Utilize for Gaze
Discrimination

Experiments 2 and 3 explored the cues used by the chimpanzee
during the present experiments. In Experiment 2, we manipulated
the brightness contrast and contrast polarity of the eye regions.
When the sclera with asymmetrical brightness in both eyes was
presented, the chimpanzee perceived these eyes as averted even
though the irises were located at the center of the eyes. This effect
is known as the “bloodshot” illusion. Our results showed clear
evidence of this illusion, suggesting that chimpanzees and humans
use similar kinds of cues to discriminate among the gazes of front-
view faces. Furthermore, when the contrast polarity was reversed,
the participant’s performance deteriorated severely, as observed in
humans. Both brightness contrast and contrast polarity are critical
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to discriminations made by humans and chimpanzees with respect
to the direction of human gazes.

Experiment 3 examined the robustness of the results on direct
gaze in the context of head rotations. If Chloe could categorically
discriminate among the gaze directions of front-view faces—that
1s, if she could choose the face exhibiting “eye contact” under the
direct-gaze target conditions and vice versa—she would have chosen
the “eye-contact” face irrespective of its head orientation. The
results of Experiment 3A, which showed that the ability to
discriminate among eye gazes was significantly generalized from
front- to three-quarter-view faces, supported this possibility.
However, we should note that the transfer was significantly
inferior for the three-quarter compared to the front-view faces.
Experiment 3B also found that the ability to discriminate among
eye-gaze stimuli was successfully transferred to the ability to
discriminate among head-orientation stimuli. However, as noted,
these results can also be explained on the basis of simple
association. Furthermore, if Chloe’s performance with respect to
eye gaze had generalized to head orientation, she could have
discriminated among the eye-mask conditions on the basis of head
orientation alone. As Emery [8] noted, the gaze-perception system
of humans is hierarchical, and the direction of the gaze of an
individual is not determined simply by the direction of the eyes per
se. Indeed, humans calculate the direction of the other’s gaze on
the basis of both the orientation of the head and the position of the
irises in the eyes. The results of Experiment 3C clearly indicate
that this was not the case for Chloe under the current
experimental setting. The results showed that she primarily
utilized information from the eye regions independently from
information about head orientation to discriminate among gaze
directions. Chloe just attended to the “iris located at the center of
eye.” One reasons for this limited performance may relate to her
long-term training history with front-view faces.

Based on our results, which indicate the relative independence
of eye and head directions, on those of naturalistic observations of
staring behaviors, which indicate that gaze discrimination occurs
when very short distances separate individuals, and on consider-
ations of the low-contrast eyes of chimpanzees, eye direction may
not be as critical as head or body orientation for gaze
discrimination by chimpanzees [59]. In particular, chimpanzees
may not rely as much on eyes during social interactions with
conspecifics as they do during interactions with humans. To test
this possibility, additional systematic comparisons should be
conducted on the ability of chimpanzees to discriminate between
human and chimpanzee faces. Chimpanzees may differ with
respect to their sensitivity to gaze-related information from the
eyes and head even when human faces are used as stimuli
Humans show similar levels of sensitivity with respect to
discriminating eye gaze and head orientation, with 1.4° for the
eyes [36] and 1.9° for the head [60]. Unfortunately, no
comparable psychophysical data on the gaze perception of
nonhuman primates have been collected. Future investigations
will provide more detailed information on the characteristics of
gaze perception in nonhuman primates.

Finally, we tested only one experimentally sophisticated
chimpanzee, who had been reared by humans but lived with
other chimpanzees in a captive community. The generalizability of
the current results to chimpanzees in general remains unclear. We
hypothesize that most captive chimpanzees might implicitly learn
to discriminate among human gazes on the basis of their long-term
and extensive histories of social interactions with humans. Thus,
our results can be extended, at least, to chimpanzees in captivity.
Future studies to replicate and extend these results as well as
testing with conspecific faces are required.

February 2010 | Volume 5 | Issue 2 | 9131



Acknowledgments

We thank Drs. Tetsuro Matsuzawa and Masayuki Tanaka for their
valuable comments and support. We also thank Sumiharu Nagumo,
Kiyonori Kumazaki, Norihiko Maeda, Shohei Watanabe, Tomoko
Takashima, and the members of the Center for Human Evolution
Modeling Research and the Language and Intelligence Section of the

References

1. Kleinke CL (1986) Gaze and eye contact: A research review. Psychol Bull 100:
78-100.

2. Goodall J (1986) The chimpanzees of Gombe: Patterns of behavior. Cambridge,
MA: Harvard University Press.

3. Idani G (1995) Function of peering behavior among bonobos (Pan paniscus) at
Wamba, Zaire. Primates 36: 377-383.

4. Kaplan G, Rogers L] (2002) Patterns of gazing in orangutans (Pongo pygmaeus).
Int J Primatol 23: 501-526.

5. Yamagiwa J (1992) Functional analysis of social staring behavior in an all-male
group of mountain gorillas. Primates 33: 523-544.

6. Bard KA, Myowa-Yamokoshi M, Tomonaga M, Tanaka M, Costal A, et al.
(2005) Group differences in the mutual gaze of chimpanzees (Pan troglodytes). Dev
Psychol 41: 616-624.

7. Coss RG, Marks S, Ramakrishnan U (2002) Early environment shapes the
development of gaze aversion by wild bonnet macaques (Macaca radiata).
Primates 43: 217-222.

8. Emery NJ (2000) The eyes have it: The neuroethology, function, and evolution
of social gaze. Neurosci Biobehav Rev 24: 581-604.

9. Mendelson MJ, Haith MM, Goldman-Rakic PS (1982) Face scanning and
responsiveness to social cues in infant rhesus monkeys. Dev Psychol 18: 222-228.

10. Thomsen CE (1974) Eye contact by non-human primates toward a human
observer. Anim Behav 22: 144-149.

11. Tomasello M, Call J, Hare B (1998) Five primate species follow the visual gaze of
conspecifics. Anim Behav 55: 1063-1069.

12. Baron-Cohen S (1995) Mindblindness: An essay on autism and theory of mind.
Cambridge, MA: MIT Press.

13. Braiier J, Call J, Tomasello M (2005) All great ape species follow gaze to distant
locations and around barriers. J Comp Psychol 119: 145-154.

14. Itakura S (1996) An exploratory study of gaze monitoring in non-human
primates. Japanese Psychological Research 38: 174-180.

15. Itakura S, Tanaka M (1998) Use of experimenter-given cues during object-
choice tasks by chimpanzees (Pan troglodytes), an orangutan (Pongo pygmaeus), and
human infants (Homo sapiens). J] Comp Psychol 112: 119-126.

16. Okamoto S, Tanaka M, Tomonaga M (2004) Looking back: The “represen-
tational mechanism” of joint attention in an infant chimpanzee (Pan troglodytes).
Jpn Psychol Res 46: 236-245.

17. Okamoto S, Tomonaga M, Ishii K, Kawai N, Tanaka M, et al. (2002) An infant
chimpanzee (Pan troglodytes) follows human gaze. Anim Cogn 5: 107-114.

18. Okamoto-Barth S, Tanaka M, Tomonaga M, Matsuzawa T (2008) Develop-
ment of using experimenter-given cues in infant chimpanzees: Longitudinal
changes in behaviour and cognitive development. Dev Sci 11: 98-108.

19. Povinelli DJ, Eddy TJ (1996) Chimpanzees: Joint visual attention. Psychol Sci 7:
129-135.

20. Tomasello M, Hare B, Agnetta B (1999) Chimpanzees, Pan troglodytes, follow gaze
direction geometrically. Anim Behav 58: 769-777.

21. Myowa-Yamakoshi M, Tomonaga M, Tanaka M, Matsuzawa T (2003)
Preference for human direct gaze in infant chimpanzees (Pan troglodytes).
Cognition 89: B53-B64.

22. Myowa-Yamakoshi M, Tomonaga M (2001) Perceiving eye gaze in an infant
gibbon (Hylobates agilis). Psychologia 44: 24-30.

23. Campbell R, Heywood CA, Cowey A, Regard M, Landis T (1990) Sensitivity to
eye gaze in prosopagnosic patients and monkeys with superior temporal sulcus
ablation. Neuropsychologia 28: 1123-1142.

24. Eacott MJ, Heywood CA, Gross CG, Cowey A (1993) Visual-discrimination
impairments following lesions of the superior temporal sulcus are not specific for
facial stimuli. Neuropsychologia 31: 609-619.

25. Heywood CA, Cowey A (1992) The role of the face-cell area in the
discrimination and recognition of faces by monkeys. Phil Trans Royal Soc B
335: 31-38.

26. Anderson JR, Mitchell RW (1999) Macaques but not lemurs co-orient visually
with humans. Folia Primatol 70: 17-22.

27. Anderson JR, Sallaberry P, Barbier H (1995) Use of experimenter-given cues
during object-choice tasks by capuchin monkeys. Anim Behav 49: 201-208.

28. Ferrari PF, Kohler E, Fogassi L, Gallese V (2000) The ability to follow eye gaze
and its emergence during development in macaque monkeys. Proc Natl Acad Sci
USA 97: 13997-14002.

29. Keating CF, Keating EG (1993) Monkeys and mug shots: Cues used by rhesus
monkeys (Macaca mulatia) to recognize a human face. J Comp Psychol 107:
131-139.

30. Nahm FKD, Perret A, Amaral DG, Albright TD (1997) How do monkeys look
at faces? J Cogn Neurosci 9: 611-623.

@ PLoS ONE | www.plosone.org

1

Visual Search for Gaze

Primate Research Institute for technical advice and support and for their
care of the chimpanzees.

Author Contributions

Conceived and designed the experiments: MT. Performed the experi-
ments: MT TI. Analyzed the data: MT TI. Wrote the paper: MT TIL

31. Sato N, Nakamura K (2001) Detection of directed gaze in rhesus monkeys
(Macaca mulatta). ] Comp Psychol 115: 115-121.

32. Dahl CD, Wallraven C, Bulthoff HH, Logothetis NK (2009) Humans and
macaques employ similar face-processing strategies. Curr Biol 19: 1-5.

33. Kano F, Tomonaga M (2009) How chimpanzees look at pictures: A comparative
eye-tracking study. Proc Royal Soc B 276: 1949-1955.

34. Kano F, Tomonaga M (2010) Face scanning in chimpanzees and humans:
Continuity and discontinuity. Anim Behav 79: 227-235.

35. Anstis SM, Mayhew JW, Morley T (1969) The perception of where a face or
television “portrait™ is looking. Am J Psychol 82: 474—489.

36. Cline MG (1967) The perception of where a person is looking. Am J Psychol 80:
41-50.

37. Gibson JJ, Pick A (1963) Perception of another person’s looking. Am J Psychol
76: 86-94.

38. Senju A, Yaguchi K, Tojo Y, Hasegawa T (2003) Eye contact does not facilitate
detection in children with autism. Cognition 89: B43-B51.

39. von Griinau M, Anston C (1995) The detection of gaze: A stare-in-the-crowd
effect. Perception 24: 1297-1313.

40. Treisman A, Gormican S (1988) Feature analysis in early vision: Evidence from
search asymmetries. Psychol Rev 95: 15-48.

41. Tomonaga M, Imura T (2009) Faces capture the visuospatial attention of
chimpanzees (Pan troglodytes): Evidence from a cueing experiment. Front Zool 6:
14. doi:10.1186/1742-9994-6-14.

42. Kobayashi H, Kohshima S (1997) Unique morphology of the human eye.
Nature 387: 767-768.

43. Shepherd SV, Klein JT, Deaner RO, Platt ML (2009) Mirroring of attention by
neurons in the macaque parietal cortex. Proc Natl Acad Soc USA 106:
9489-9494.

44. Ricciardelli P, Baylis G, Driver J (2000) The positive and negative of human
expertise in gaze perception. Cognition 77: B1-B14.

45. Ando S (2002) Luminance-induced shift in the apparent direction of gaze.
Perception 31: 657-674.

46. Nakato E, Otsuka Y, Konuma H, Kanazawa S, Yamaguchi MK, et al. (2009)
Perception of illusory shift of eye gaze direction by infants. Infant Behav Dev 32:
422-428.

47. Wollaston WH (1824) On the apparent direction of eyes in a portrait. Phil Trans
Royal Soc B 114: 247-256.

48. TFagot J, Tomonaga M (1999) Global-local processing in humans (Homo sapiens)
and chimpanzees (Pan troglodytes): Use of a visual-search task with compound
stimuli. ] Comp Psychol 113: 3-12.

49. Matsuno T, Tomonaga M (2006) Visual search for moving and stationary items
in chimpanzees (Pan troglodytes) and humans (Homo sapiens). Behav Brain Res 172:
219-232.

50. Tomonaga M (1993) A search for search asymmetry in chimpanzees (Pan
troglodytes). Percept Motor Skills 76: 1287-1295.

51. Tomonaga M (1998) Perception of shape from shading in chimpanzees (Pan
troglodytes) and humans (Homo sapiens). Anim Cogn 1: 25-35.

52. Tomonaga M (1999) Inversion effect in perception of human faces in a
chimpanzee (Pan troglodytes). Primates 40: 417-438.

53. Tomonaga M (2007) Visual search for orientation of faces by a chimpanzee (Pan
troglodytes): Face-specific upright superiority and the role of configural properties
of faces. Primates 48: 1-12.

54. Tomonaga M (2007) Is chimpanzee (Pan troglodytes) spatial attention reflexively
triggered by the gaze cue? J Comp Psychol 121: 156-170.

55. Matsuzawa T (2006) Sociocognitive development in chimpanzees: A synthesis of
laboratory work and fieldwork. In: Matsuzawa T, Tomonaga M, Tanaka M,
eds. Cognitive development in chimpanzees. Tokyo, Japan: Springer—Verlag. pp
3-33.

56. Kirk RE (1995) Experimental design: Procedures for the behavioral sciences,
Third edition. Pacific Grove, CA: Brooks/Cole. 921p.

57. Brown V, Huey D, Findlay JM (1997) Face detection in peripheral vision: Do
faces pop out? Perception 26: 1555-1570.

58. Nothdurft HC (1993) Faces and facial expressions do not pop out. Perception 22:
1287-1298.

59. Tomasello M, Hare B, Lehmann H, Call J (2007) Reliance on head versus eyes
in the gaze following of great apes and human infants: The cooperative eye
hypothesis. ] Hum Evol 52: 314-320.

60. Wilson HR, Wilkinson F, Lin L-M, Castillo M (2000) Perception of head
orientation. Vision Res 40: 459-472.

February 2010 | Volume 5 | Issue 2 | 9131



